The objective of this study was to estimate genetic parameters for the weights of different wholesale cuts, using an experimental and a commercial data set. The experimental and commercial data sets included 413 and 635 crossbred Belgian Blue, Charolais, Limousin, Angus, Holstein, and Simmental animals, respectively. Univariate analyses using a mixed linear animal model with relationships were undertaken to estimate the heritability of cold carcass weight, carcass conformation and fat, and the cut weights, whereas a series of bivariate analyses was used to estimate the phenotypic and genetic correlations between carcass weight, carcass conformation, carcass fat, and the major primal cuts. Heritability estimates for cold carcass weight in both data sets were moderate (>0.48), whereas heritability estimates for carcass conformation and fat grading were greater in the commercial data set (>0.63) than in the experimental study (>0.33). Across both data sets, heritability estimates for wholesale cut weight in the forequarter varied from 0.03 to 0.79, whereas heritability estimates of carcass cut weight in the hindquarter varied from 0.14 to 0.86. Heritability estimates for cut weights expressed as a proportion of the entire carcass weight varied from 0.04 to 0.91. Genetic correlations were strong among the different carcass cut weights within the experimental and the commercial studies. Genetic correlations between the weights of selected carcass cuts and carcass weight were moderate to high (minimum 0.45; maximum 0.88) in both data sets. Positive genetic correlations were observed in the commercial data set between the different wholesale cut weights and carcass conformation, whereas these were positive and negative in the experimental data set. Selection for increased carcass weight will, on average, increase the weight of each cut. However, the genetic correlations were less than unity, suggesting a benefit of more direct selection on high value cuts.
INTRODUCTION
In Ireland, as in most other countries, the value farmers generally receive for each carcass is predominantly based on carcass weight, carcass conformation, and carcass fat score. In the European Union, the EUROP classification system, as implemented by the European Council regulations 1208/81 and 2930/81, is currently used to assign a conformation and fat grade to each carcass (Department of Agriculture and Food, 2004) . The conformation classification system uses the letters E (excellent), U, R, O, P (poor) to describe the development of the carcass profiles with particular emphasis on the round, back, and shoulder. The carcass fat classification system uses the scale 1 (low), 2, 3, 4, and 5 (very high) to measure the amount of fat on the outside of the carcass and in the thoracic cavity. Three subdivisions (+, =, −) can be accounted for in each carcass conformation or fat class. Differences in retail value exist between different parts of the carcass (Morris et al., 1999) . Farmers should logically be rewarded for producing a larger quantity of these high value cuts, and the current EUROP grading system, measuring the overall conformation and fat, may not be reflecting these differences within carcasses.
Active selection for individual wholesale cut weight is currently limited by a lack of routinely collected phenotypic data to estimate breeding values, a lack of sufficient studies on the genetic parameters for carcass cut weights, as well as a lack of knowledge on the phenotypic and genetic correlations between carcass cut weights and other routinely measured traits. Cundiff et al. (1969) published moderate to high heritability estimates for some wholesale cut weights such as round (0.68), loin (0.48), rib (0.44), and chuck (0.49). Brackelsberg et al. (1971) reported similar heritability estimates. Despite most Irish farmers not currently being paid for individual primal weight, advances in technologies such as mechanical grading may facilitate future estimation of primal weight, which may subsequently lead to payment on these estimates. Therefore, to be proactive, as well as to ensure that the quality of Irish beef carcasses does not deteriorate, it is important that the effect of current selection practices on individual cut weights, especially high value cut weights, is quantified.
The objective of this study was to estimate, in the Irish context of across breed genetic evaluation, genetic parameters for weight of different wholesale beef cuts and to determine their correlations with the currently recorded traits of carcass weight, carcass conformation, and carcass fat. Carcass cut data used in the present study originated from 2 sources, which included an experimental herd and a commercial retailer.
MATERIALS AND METHODS
Data used in the present study were obtained from pre-existing databases. Hence, animal care and use committee approval was not necessary for this study. Two databases on carcass cut weight were used in the present study. The first database originated from a series of experiments conducted using a research herd during recent years, and the second database was made available by an Irish supermarket chain. Pedigree information was extracted from the Irish Cattle Breeding Federation database.
Experimental Data Set
Data from 578 carcasses cut into primal weights from animals slaughtered between 2005 and 2008 were made available from the Teagasc beef research center in Dunsany, Co. Meath, Ireland. These data will be referred to as the experimental data. All of the animals were processed in the same factory and the cutting methods were supervised by the same Teagasc researcher. Animals without a known sire (n = 158) were detected and discarded from the analysis. Within the remaining data set, 94% of animals were crossbred (26 were purebred animals; i.e., at least 28/32 purebred). Almost all of the sires (n = 411) were purebred males (Holstein: n = 89; Belgian Blue: n = 85; Charolais: n = 72; Angus: n = 62; Friesian: n = 41; Limousin: n = 34; Simmental: n = 28), and 84% of dams (n = 346) were crossbred females, where the most prevalent breeds represented were Holstein (n = 161), Limousin (n = 59), and Simmental (n = 37).
The animals originated from 7 different experiments that investigated the performance of different finishing diets, as well as animals of divergent genetic merit for growth rate and of different genetic backgrounds (Table 1) . Contemporary group was defined as experimental treatment (n = 8) by slaughter date (n = 11). There were 12 contemporary groups with at least 6 animals; the data for 7 animals were discarded because they were in small contemporary groups. Contemporary groups were composed of steers or bulls. The animals slaughtered were bulls (n = 73) or steers (n = 340). The average slaughter age of the bulls and steers was 459 and 762 d, respectively. Age of the dam was grouped into 6 categories: 2 to 4.5 yr old (n = 53), 4.5 to 6 yr old (n = 62), 6 to 7.5 yr old (n = 90), 7.5 to 9 yr old (n = 51), ≥9 yr old (n = 68), and missing data (n = 49). Heterosis and recombination loss coefficients were computed using the formula of Van der Werf and De Boer (1989) : heterozygosis = Pd (1 − Ps) + Ps (1 − Pd); recombination loss = Ps (1 − Ps) + Pd (1 − Pd), where Ps and Pd are the proportions of genes of the primary breed (most prevalent breed) in the sire and dam, respectively. Recombination loss was derived from the heterozygosity of the parental gametes, representing a within-gamete epistatic loss effect ( Van der Werf and De Boer, 1989) .
Cold carcass weight (hereon in referred to as carcass weight), as well as carcass conformation and carcass fat grade, scored using the EUROP classification system (Department of Agriculture and Food, 2004) , is recorded for each animal slaughtered in Ireland. In the present study, the EUROP classification grades were transformed to a 15-point scale as outlined by Hickey et al. (2007) . Each carcass was cut into forequarter and hindquarter by a section between the 5th and 6th ribs, giving an 8-rib hindquarter and a 5-rib forequarter (Gerrard and Mallion, 1977) . The right side of each carcass was cut into 23 different primal cuts: 11 taken in the forequarter and 12 in the hindquarter. The fat trimming procedure aimed to remove all possible fat from the cuts. Using the ratio of total carcass weight over the right side carcass weight, the weight of the cuts measured from the right side of the carcass was extrapolated to a weight taken from the whole carcass. The kidney and pelvic fat were removed before carcass weighing. The total meat weight was defined as the sum of the primal cuts and lean trimmings weights, and the proportion of the total meat weight over the cold carcass weight defined the meat percentage. The total fat and total bone weights were created to respectively sum the carcass fat and bones. Not all of the different cuts recorded were retained for estimation of variance components, and some were grouped together into combined primal cuts. Figure 1 illustrates the location of the retained cuts.
The retained forequarter cuts were the fore shin, brisket, ribs 1 (nearer to the head) to 5, ribs 6 to 13, shoulder, chuck, and neck. The flank was left attached to ribs 6 to 13. The 2 sets of ribs were summed as ribs. The shoulder was the sum of the clod cut and the whole outside shoulder muscles (blade steak, braising muscle, chuck tender, and leg of mutton cut). The chuck was cut from the first to the sixth thoracic vertebrae. For the analysis, the chuck and the neck cuts were grouped as chuck. Two overall variables were also investigated: forequarter meat weight, summing the primal cut, combined primal cuts, and lean trimmings weights from the forequarter; and total forequarter weight, representing the total meat, fat, and bone weight from the forequarter.
The retained hindquarter cuts were the cap of ribs, cube roll, strip-loin, rump, tail of rump, round, heel, and hind shin. The cube roll and the cap of ribs were cut between the fifth and the eleventh thoracic vertebrae and were summed as rib roast. The strip-loin is part of the LM cut between the 10th thoracic vertebrae and the rump. The sum of the rump and tail of rump cuts was labeled sirloin. The fillet, also known as the tenderloin, is the M. psoas, inside the loin area. The round is the main part of the hind leg, summing the silverside, topside, knuckle, and salmon cuts. The hind shin and heel cuts were grouped as hind shin. Two overall variables were also investigated: hindquarter meat weight, summing the primal cuts, combined primal cuts, and lean trimmings weights from the hind- quarter; and total hindquarter weight, representing the total meat, fat, and bone weight from the hindquarter. Primal cut weights and combined primal cut weight in the experimental data set will be referred to in the rest of this paper as the wholesale cut weight in the experimental data set.
Commercial Data Set
A total of 3,501 carcasses cut into primal cuts from purebred and crossbred animals slaughtered between 1999 and 2005 were made available by an Irish supermarket chain. These data will be referred to as the commercial data. All of the animals were processed through the same meat processing plant. Animals with unknown sire (n = 2,502), as well as animals lacking information on herd before slaughter (n = 16), were removed. Additionally, animals slaughtered at less than 12 mo of age (n = 2) were discarded. Age of the dam was grouped into 4 categories: 2 to 3 yr old (n = 130), 4 to 7 yr old (n = 314), ≥8 yr old (n = 72), and missing data (n = 119). Heterosis and recombination loss were computed using the formula of Van der Werf and De Boer (1989) as described previously.
Contemporary groups of slaughter were generated using the iterative algorithm of Crump et al. (1997) parameterized by the minimum (30 d) and maximum (120 d) span of a group, and the minimum number of records (n = 4) per group. The composition of contemporary groups was based on finishing herd, date of slaughter, and intervals between consecutive slaughter dates as the variables of interest. First, consecutive animals (ranked on slaughter date) are put into groups according to their slaughter dates and the minimum span of days defined in the parameter file. This step is then repeated considering the start and end slaughter date of the groups and the minimum span defined in the parameter file. Second, contemporary groups are created by reading the groups created previously and clustering consecutive groups according to the maximum span and the minimum records required per group. This step is then repeated considering the maximum span and the minimum records required per group in the parameter file. As a result, 315 animals were discarded from the analysis because of the inability to assign them to a contemporary group of sufficient size. After further restrictions were applied on the weight of the individual cuts (see below), a total of 83 contemporary groups were created, which included 635 animals from 91 sires in 41 different herds. These animals consisted of heifers (n = 575), bulls (n = 26), or steers (n = 34) and were mostly crossbred animals (n = 621 crossbred and n = 14 purebred animals). The sires of these animals were 96% purebred, mainly represented by Belgian Blue (n = 386), Limousin (n = 110), and Charolais (n = 83). The dams were 98% crossbred, where the most prevalent breeds represented were Holstein (n = 353), Limousin (n = 133), Charolais (n = 36), and Simmental (n = 36). Because the average slaughter age of the heifers was 21.5 mo and 66% were born in early spring (January to March), the overall rearing system can be described as a 21-mo-old heifer production system from spring-born calves as outlined by Keane et al. (2008) . Heifers after their first winter are fed grazed grass after which they are finished indoors over a 2-mo period on a finishing diet consisting of concentrates and ad libitum grass silage.
Cold carcass weight was recorded as described above for the experimental data set. Due to the recent storing (from 2001) of EUROP classification in the national database, conformation and fat grading, transformed to a 15-point scale as outlined by Hickey et al. (2007) , were available for only a limited number of animals. The carcasses were trimmed of excessive fat, and the fat depth left averaged 5 mm when measured along the LM. Additional to the routinely recorded carcass traits, information on individual primal cuts was also made available. The primal cutting procedure used on these animals generated 14 different cuts, 7 taken in the 5-rib forequarter, 5 in the 8-rib hindquarter, and 2 from both (Gerrard and Mallion, 1977; Jones et al., 2004). locations. Not all of these different cuts were retained for estimation of variance components, and some were grouped together into combined primal cuts. The location of the retained cuts can be identified in Figure 1 .
Primal cuts retained for the analysis from the forequarter were the chuck, a portion of the shoulder labeled the blade, flat ribs, brisket, and flank. The blade is a combined primal cut gathering the clod, the braising muscle, and the chuck tender. The flat rib cut represented only part of the rib set and was taken from ribs 1 to 5. The retained hindquarter primal cuts were rib roast, strip-loin, sirloin, fillet, and round. Due to occasional retail demand, T-bones steaks, whole strip-loin and fillet weights were only available on a reduced data set, the T-bone steak being cut through the strip-loin and the fillet. Two cuts, the lean trimmings and the diced beef, were generated from the forequarter and the hindquarter. In addition, the sum of the primal cuts, combined primals, diced beef, and lean trimmings weights defined the total retail product weight and the proportion of the total retail product weight over the cold carcass weight defined the retail product percentage. Thus, the retail product weight consisted of total meat weight (describing the meat part of the cuts) and total dressing fat weight (describing the variable fat weight left on the cuts). The sum of the primal cuts and combined primal cuts within the forequarter and hindquarter will be referred to as forequarter wholesale cut weight and hindquarter wholesale cut weight, respectively. Within carcass trait, observations greater than ±4 SD from the mean estimated within sex by breed groups were set to missing. If cold carcass weight or one of the major cuts (chuck, brisket, blade, rib-roast, sirloin, and round) was missing, the animal was removed from the analysis (n = 31). Primal cut weights and combined primal cut weight in the commercial data set will be referred to as the wholesale cut weight in the commercial data set.
Analysis
Despite the similarities observed in the cutting procedures between the experimental and the commercial data sets, (co)variance components were estimated within each data set separately to account for potential differences in the traits. Model building for fixed effects was done using PROC GLM (SAS Inst. Inc., Cary, NC) for data sets and (co)variance components were estimated in ASREML (Gilmour et al., 2006) . The choice of fixed effects was based on the data available. The models were generated for each data set separately based on backward elimination (P > 0.05) of factors that were not associated with the dependent variable; significance was based on the F-test. Two-way interactions were also tested for associations with the dependent variable.
For the experimental and the commercial data set, the overall mixed linear model can be written as
where y is the matrix of records, b is the matrix of fixed effects, u is the matrix of random effects, g is the matrix of breed groups, e is the vector of residual effects, and the X, Z, and Q matrices are the respective design matrices.
The mixed linear animal model used in the experimental data set included contemporary group and dam age, included as class effects, and heterosis and age at slaughter centered within sex, both treated as continuous variables, as well as the breed group effect. Factors that did not affect (P > 0.05) any of the traits investigated included whether the animal was a singleton or not, and recombination loss. The effect of the sex of the animal was confounded with the contemporary group. Relationships among animals were accounted for using a relationship matrix. A total of 8,300 animals were included in the pedigree file, and unknown ancestors were included as phantom groups of the Belgian Blue, Charolais, Friesian, Holstein, Limousin, Angus, Simmental, and unknown breeds in the pedigree file.
The mixed linear animal model used in the commercial data included the class effects of contemporary group, sex of the animal, and the fixed regression of age at slaughter, which was included as a quadratic regression, as well as in a 2-way interaction with sex of the animal and breed group effect. Heterosis (continuous variable) and recombination loss of the animal (continuous variable), whether the animal was a singleton or not, and age of the dam at the birth of the animal, did not significantly affect any of the traits analyzed (P > 0.05). Relationships among animals were accounted for using a relationship matrix. A total of 6,250 animals were included in the relationship matrix, where unknown ancestors were included as phantom groups of breeds: Belgian Blue, Charolais, Friesian, Holstein, Limousin, and unknown breed in the pedigree file.
In a separate series of analyses, carcass weight was included as a covariate in the model to investigate whether the distribution of carcass cuts was heritable. For the experimental and the commercial data sets, heritability estimates were obtained from single trait analyses. The coefficient of genetic variation (CV g ) for each trait was calculated as the genetic SD divided by the mean (Houle, 1992) . As multitrait (3 × 3 and more) analyses failed to converge, a series of bivariate analyses was used to calculate the correlations between carcass weight, carcass conformation, carcass fat, chuck, shoulder, brisket, rib roast, strip-loin, sirloin, round, and fillet. Fore shin, hind shin, ribs, and flank were not included in the matrix given their relatively low importance for the industry or due to convergence difficulty (ribs). The resulting genetic covariance matrix was bended using the procedure (unweighted option) of Jorjani et al. (2003) to ensure that it was positive definite.
RESULTS

Experimental Data
The average cold carcass weight across all animals was 337 kg, and the average total meat weight was 230 kg, giving a meat percentage of 68% of the total cold carcass weight (Table 2 ). The average EUROP conformation and fat grades in the animals in the present study corresponded respectively to R− (i.e., good muscle development), and 3= (i.e., fleshy, almost everywhere covered with fat with the exception of the round and shoulder). The total forequarter weight represented on average 54% of the carcass weight, and the heaviest cut of the forequarter was the ribs (35 kg; 17% of the retail cut weight). The round cut was the largest cut in the hindquarter (48 kg; 24% of the retail cut weight), and the smallest was the tenderloin, averaging 6 kg (3% of the retail cut weight). The average weight for the total hindquarter was 155 kg (46% of the cold carcass weight).
Heritability of cold carcass weight and total meat weight was 0.48 and 0.68, respectively. In the forequarter, the shoulder and the chuck had the greatest heritability (0.79 and 0.83, respectively); the least heritability estimate was for the ribs (0.03). The heritability for the forequarter meat weight was 0.62. In the hindquarter, the round cut was most heritable (0.86), whereas the least heritability estimates were for the rib roast (0.14) and the fillet (0.29). The heritability for the hindquarter meat weight was 0.70. The CV g of the cut weights across the carcass varied from 2.2% (ribs) to 14.2% (chuck).
Phenotypically, carcass weight and conformation were positively associated with the different wholesale cut weights, whereas the phenotypic correlations between carcass fat and the wholesale cut weight were all close to zero (Table 3) . Few genetic correlations with carcass weight, conformation, and fat score were more than twice their respective SE. However, carcass weight was positively genetically correlated with the different cut weights, whereas carcass fat score was negatively genetically correlated with the different cuts. With the exception of the moderate genetic correlation between the brisket and the rib roast (0.38), the genetic correlations among the different wholesale cut weights were generally strong and positive (≥0.47). The sum of ribs numbered 1 to 5 and 6 to 13.
2
The sum of chuck and neck cuts. The meat weight for the fore/hindquarter; weight of wholesale cuts and lean trimmings.
4
Total forequarter/hindquarter weight; wholesale cuts, lean trimmings, fat, and bones.
5
The sum of the forequarter and hindquarter meat weights.
6
The total meat weight to the cold carcass weight.
Using the model including carcass weight as a covariate, heritability for the forequarter cuts ranged from 0.04 (ribs) to 0.65 (chuck); the heritabilities for forequarter meat weight and total forequarter weight were 0.39 and 0.51, respectively. Heritability estimates for the different hindquarter cuts ranged from 0.08 (fillet) to 0.61 (round); heritability estimates for hindquarter meat weight and total hindquarter weight were 0.68 and 0.66, respectively.
Commercial Data
Average cold carcass weight was 290 kg, and the total retail product weight averaged 192 kg, which gave a retail product percentage of 66% of the total cold carcass weight (Table 4 ). The average EUROP conformation and fat grades in the animals in the present study corresponded approximately to R+ and 3, respectively. Only 3 carcass conformation classes (conformation O, R, and U) were represented in the data set with 70% of the animals graded as class R. Five carcass fat classes (equivalent to class 1, 2, 3, 4, and 4L in the EUROP scale) were represented in the data set with 65% of the animals residing in class 3. Within the forequarter, the chuck and the blade each made up 16% of the forequarter primal weight, which averaged 38 kg (20% of total meat weight). The round cut made up the major proportion (56%) of the hindquarter primal weight, whereas the tenderloin averaged 5 kg (6% of hindquarter primal weight) and represented the smallest proportion of the hindquarter cuts. The average weight of the hindquarter meat was 77 kg (40% of the total meat weight). The trimmings and diced beef represented 28% of the cold carcass weight (43% of the total meat weight).
Heritability of cold carcass weight and total meat weight was 0.59 and 0.54, respectively. Heritability estimates for conformation and fat grading were also high (0.78 and 0.63 for carcass conformation and fat grade, respectively). In general, heritability estimates of the different joints in the forequarter and hindquarter were all moderate, ranging from 0.28 (flat ribs) to 0.62 (fillet). The CV g of the cut weights across the carcass varied from 5.9% (round) to 10.0% (brisket, flank).
The phenotypic and genetic correlations between the cold carcass weight and the various wholesale cut weights were moderately to strongly positive (Table 5) ; the phenotypic correlations with carcass weight ranged from 0.48 (brisket) to 0.77 (round and blade), whereas the genetic correlations with carcass weight ranged from 0.45 (chuck) to 0.67 (tenderloin). The phenotypic and genetic correlations between carcass conformation and the different cuts were all positive. The phenotypic correlations between carcass fat and the different wholesale weights tended to be negative or close to zero, whereas the genetic correlations were mostly negative, but not different from zero. Among the different wholesale cut weights, all phenotypic correlations were positive and moderate, ranging from 0.44 to 0.76. The genetic correlations between the cuts were also positive, Genetic parameters for beef carcass cuts but stronger than their respective phenotypic correlations, ranging from 0.35 to 0.87. Using the model including carcass weight as covariate, heritability for the forequarter cuts ranged from 0.34 (flat ribs) to 0.91 (blade); heritability of forequarter wholesale cut weight was 0.69. The heritability of hindquarter cuts ranged from 0.31 (rib roast) to 0.72 (round); the heritability of hindquarter wholesale cut weight was 0.55.
DISCUSSION
The objective of this study was to use commercial and experimental data to estimate genetic parameters for different beef wholesale cut weights and to determine their correlations with the currently recorded carcass weight, carcass conformation, and carcass fat.
The 2 crossbred populations used in this study gave a fair representation of the types of animals on Irish beef farms. Evans et al. (2007) showed a high interdependency between dairy and beef herds in Ireland, where, in 2005, 58% of the calves born were beef crosses or beef-dairy crosses. The proportion of animals with unknown sires in the commercial data set also reflects reality in that there is a low level of sire recording at calf registration. The Irish Legislation by Statutory Instrument S.I.276/1999 (transposed from European Regulation 1760/2000 on identification and registration of bovine) specifies the compulsory recording, on the maternal side, of the breed and identification of the dam, and on the paternal side, of only the breed of the sire.
Both data sets used in the present study were relatively small. However, across the literature reviewed for the genetic analysis of primal cuts, the populations studied were also of limited size and comparable with both of our data sets; Cantet et al. (2003) used 474 Angus animals, Cundiff et al. (1969) used 287 Hereford-, Angus-, and Shorthorn-crossed animals, and Brackelsberg et al. (1971) used 257 Hereford-and Angus-sired animals. Other studies using larger data sets focused on overall retail meat, fat, and bone yields and did not present estimates for the primal cuts; Shackelford et al. (1995) used 2,762 purebred and composite animals, Koch et al. (1982) studied 2,453 steers of various biological backgrounds, and Morris et al. (1999) used 1,962 animals from 3 large multi-breed breeding experiments.
The current beef genetic evaluation system for carcass traits in Ireland is across breed, and the breeding objective includes a positive economic weight on carcass weight and carcass conformation, but a negative Table 4 . Number of observations (n), overall mean, phenotypic SD (σ p ), heritability (h 2 ), and coefficient of genetic variation (CV g ) for the carcass traits from an Irish commercial data set economic weight on carcass fat (Evans et al., 2007) . The breeding objective also includes a negative economic weight on cow mature BW (Amer et al., 2001 ).
Trait Means and Heritability Estimates
The 2 data sets, commercial and experimental, used in the present study were different in origin in that the majority of the experimental data set was composed of steers (82% of animals), whereas the commercial data were made up of predominantly heifers (91% of animals). This was reflected in differences in observed average carcass weight between the 2 data sets: 337 and 290 kg observed in the experimental and commercial data sets, respectively. The heritability estimates observed in the experimental and the commercial data set for cold carcass weight were similar and are in accordance with the mean estimate of 0.40 reported by Rios Utrera and Van Vleck (2004) after an extensive review of heritability estimates for carcass traits across 56 studies.
The large heritability estimates observed in the commercial data set for carcass conformation and fat, albeit with large SE, may be due to the poor distribution of the data in that data set. However, the heritabilities of EUROP carcass conformation and fat grading vary considerably between populations. Using a large data set on Irish crossbred cattle, Hickey et al. (2007) reported heritability estimates ranging from 0.04 to 0.36, and from 0.00 to 0.24 for conformation and fat, respectively, across 8 breed groups. Eriksson et al. (2003) , using 2 distinct purebred populations of Swedish Charolais and Hereford, reported heritability estimates of 0.34 (Charolais) and 0.22 (Hereford) for carcass conformation, and 0.38 (Charolais) and 0.27 (Hereford) for carcass fat grading.
The meat percentage and the retail product percentage were similar across the experimental (68%) and commercial (66%) data sets, reflecting differences in cutting procedures between the experimental and the commercial data set; the commercial cutting procedure applied a more severe cutting procedure on the individual cuts with the objective of neat presentation of the cuts on the supermarket shelves. These estimates were also consistent with values reported in the literature, which vary from 66 to 68% (Koch et al., 1982; Shackelford et al., 1995; Morris et al., 1999) . The heritabilities for total meat weight in the experimental data set (0.68) and for total retail product weight in the commercial data set (0.54) were similar to those found by Koch et al. (1982; 0.58), Shackelford et al. (1995; 0.67) , and Morris et al. (1999; 0.48) , despite some differences in the definition of the trait; sum of roast and steak meat (Koch et al., 1982) , sum of the weight of the boneless, totally trimmed retail cuts and 20% fat lean trim (Shackelford et al., 1995) , or carcass components weight trimmed of fat (Morris et al., 1999) .
Between the 2 data sets, the individual cuts were generally heavier in the experimental data set than in Table 5 Genetic parameters for beef carcass cuts the commercial data set, reflecting i) the difference in the representation of different sexes in the data sets and ii) the difference in cutting procedure (i.e., cutting and subcutaneous and seam fat trimming) as noted previously.
The average forequarter primal weight differed between the experimental and commercial data sets, at 106 kg (31% of carcass weight) and 38 kg (13% of carcass weight), respectively. The difference was mainly attributable to the different cutting procedures adopted, as well as the different carcass weights, in the 2 data sets. In the commercial data set, the carcass cutting was driven by retailer demand and so, to a certain extent, by the cooking habits. Three categories of beef cuts exist in Ireland (Board Bia, 2008) , which include the roast cuts (part of the chuck, brisket), the pot roast or braising cuts (part of the chuck, flat ribs, and flank), and the casserole cuts (blade). The remaining parts of the forequarter (neck, part of the shoulder muscles, part of the rib set, and part of the flank) are categorized as lean trimmings or "dice and stew beef," to be sold as diced (stir fry) and ground beef. The total lean trimmings and total dice beef can be taken from the forequarter and the hindquarter.
The heritability of total forequarter weight in the experimental data set (0.42) is similar to the estimate of 0.49 reported by Brackelsberg et al. (1971) . The moderate to high heritability estimates in the present study for the different forequarter wholesale weights also corroborates previous estimates in other studies. Cundiff et al. (1969) reported heritability estimates ranging from 0.34 to 0.49 for the chuck and from 0.38 to 0.44 for the rib; Brackelsberg et al. (1971) calculated a moderate heritability (0.42) for the composite cut called chuck and rib. However, large differences in heritability estimates were observed between the experimental and commercial data sets for the same traits (for example, brisket, chuck, round, fillet). These observed discrepancies may be due to several factors such as i) population specific genetic parameters and ii) possible differences in genetic parameters between sexes; Crews and Kemp (2001) reported large differences in additive genetic variance for the LM area between bulls and heifers, iii) possible differences in the cutting methods even for well located cuts such as the chuck or brisket, and iv) possible confounding effects between genetics and unknown environmental effects. In addition, relatively large SE were observed for the heritability estimates of most traits in this study.
Average hindquarter meat weight (sum of the wholesale cuts) was slightly greater in the experimental data set (97 kg; 29% of the cold carcass weight) than in the commercial data set (77 kg; 27% of the cold carcass weight). These small differences could be due to differences observed in the populations (breed, sex), but are more likely due to differences in cutting practices between the 2 data sets as described previously. The heritability estimate for total hindquarter weight (0.57) in the experimental data set is similar to the heritability of 0.57 reported by Brackelsberg et al. (1971) and 0.46 reported by Cantet et al. (2003) for the same trait.
The generally high heritability estimates for the wholesale cuts located in the hindquarter in the present study agree with previous estimates. Cundiff et al. (1969) reported heritability estimates ranging from 0.07 to 0.48 for the loin and from 0.42 to 0.68 for the round, whereas Brackelsberg et al. (1971) reported a high heritability (0.81) for the composite cut called round and loin.
The CV g for carcass weight in both data sets (6.0% for the experimental data set and 5.5% for the commercial data set) was similar to the average of 4.4% calculated from the results of Hickey et al. (2007) across 8 cattle populations in Ireland. The CV g for carcass conformation and fat in both of our studies were greater (>10.1%) than those calculated from the results presented by Hickey et al. (2007) , where the average CV g for both carcass conformation and fat was 8.0%. The CV g for the different wholesale cut weights (2.2 to 14.2%) is consistent with the CV g reported in other studies for other performance traits such as growth rate (Arthur et al., 2001 ; 4.6 to 7.2%), feed intake (Arthur et al., 2001 ; 6.9 to 7.2%), and weaning weight (Phocas and Laloë, 2004; 6.0 to 8.0%) .
From the experimental study, the heritability estimate for total bone weight (0.75) was greater than heritability estimates reported in the literature. Shackelford et al. (1995) reported a heritability of 0.62 for carcass bones, whereas Koch et al. (1982) and Morris et al. (1999) reported heritability estimates of 0.57 and 0.51, respectively, for the same overall trait. For total fat weight, the low heritability observed in our experimental data set (0.27), although in agreement with the estimate reported by Morris et al. (1999; 0.30) , is less than the heritability estimates reported by Shackelford et al. (1995; 0.65) and Koch et al. (1982; 0.47) .
In the experimental and commercial data sets, little change in the heritability estimates of the cuts was observed when carcass weight was included as a covariate in the model. The decision to report the heritability estimates for carcass cut weights was made because farmers will be paid on the yield of each cut and because the cut weights will be included in an overall breeding objective that accounts for potential unfavorable correlated responses in traits such as mature size.
Relationship Among Carcass Traits
The phenotypic correlations among carcass conformation, carcass fat, and carcass weight across the 2 data sets are consistent with those cited by Hickey et al. (2007) , ranging from 0.17 to 0.38. The genetic correlations observed in the experimental data set between carcass weight and EUROP conformation and fat grading were negative (−0.24 to −0.14) and different from the positive, albeit weak, genetic correlations (0.11 to 0.26) reported by Hickey et al. (2007) . Nonetheless, large SE were associated with all genetic correlations estimated in the present study, reflecting the limited sample size. As a result, the genetic correlation estimates were not statistically different from zero.
The moderate to strong positive genetic correlations between carcass weight and the various wholesale cut weights in the present study were not unexpected given the part whole relationship between the different cuts and carcass weight. Therefore, selection for greater carcass weight will increase the weight of each of the cuts. Selection for increased carcass conformation will also be associated with an increase in individual wholesale cut weights with the exception of the shoulder, brisket, and strip-loin cuts as estimated from the experimental data, although the SE of the correlations were large. Carcass conformation and carcass fat tended to be more positively genetically correlated with the different wholesale cuts in the commercial data set compared with the experimental data set, thus reflecting the difference in the fat trimming procedure applied to the cuts in the 2 data sets.
The genetic correlations between the different wholesale cut weights were moderate to strongly positive, in agreement with Brackelsberg et al. (1971) , who also documented moderate to strong genetic correlations between the studied cuts (round and loin cut, chuck and rib cut, and round, loin and rib cut) ranging from 0.16 to 1.00. Cundiff et al. (1969) observed strong genetic correlations between 4 beef cuts (minimum genetic correlation of 0.72), namely, the round, loin, rib, and chuck. The results from our study show that direct selection on a primal beef cut would result in indirect positive genetic gain in all of the cuts, although some of the correlations were less than unity.
The existence of moderate to large heritability estimates, albeit with large SE, and large CV g suggests that genetic selection for individual carcass cut weight may be fruitful. Genetic correlations among all beef wholesale cut weights were moderate to strongly positive, although some were less than unity, albeit sometimes with large SE, indicating a potential benefit of placing more emphasis on some greater value cuts to increase genetic gain in carcass value. This is further substantiated by the strong positive genetic correlations between the carcass weight and the cuts, implying i) that selection for increased carcass weight will, on average, increase the weight of each cut and ii) a benefit of more direct selection on high value cuts.
Further research is to be undertaken on the feasibility of using routinely collected carcass digital images to predict weights of individual beef carcass cuts and to subsequently investigate the feasibility of genetically selecting for these traits to improve carcass value.
